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TITLE OF THE IN^^ENTION 

GENE THEIL^PY FOR STIMULATION OF ANGIOGENESIS 

CROSS-REFERENCE TO RELATED APPLICATIONS 
5 Not applicable 

STATEMENT REGARDING FEDER.ALLY-SPONSORED R&D 
Not applicable. 

10 REFERENCE TO MICROFICHE ^VPPENDIX 
Not applicable. 

FIELD OF THE INA'^xNTION 

The present invention relates to methods of gene therapy to 
15 promote angiogenesis in the treatment of peripheral, cardiac and other 
pathological tissue ischemias utilizing a nucleotide sequence which 
encodes VEGFi45. 

BACKGROUND OF THE INVENTION 

20 Vascular endothelial cells form a luminal non- 

thrombogenic monolayer throughout the vascular system. Mitogens 
promote embryonic vascular development, growth, repair and 
angiogenesis in these cells. Angiogenesis involves the proteolytic 
degradation of the basement membrane on which endothelial cells 

25 reside followed by the subsequent chemotactic migration and mitosis of 
these cells to support sustained grow-th of a new capillary shoot. One 
class of mitogens selective for vascular endothelial cells include 
vascular endothelial growth factor (referred to as VT:GF or VEGF-A^ 
and the homologues placenta growth factor (PIGF), VTiIGF-B. VEGF-C 

30 and VEGF-D, 

Human \ EOF exists as a giycosyiated hnmodimer m one of 
five mature processed forms contaimng 206. LS9, 165. 14") and 121 ammo 
acids, the most prevalent being the 165 amino acid form. 

U.S. Patent No. 5,240.848 discloses the nucleotide and aiiuno 

35 acid sequence encoding the 1S9 ammo acid form of human VEGF 

U.S. Patent No. 5.332.671 discloses the nuciootido and amin.) 
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acid sequence encodin^j the 165 amino acid form of human VEGF. 

Chamock-Jones et al (1993, BioZ. Reproduction 48: 1120-1128) 
and Sharkey et al (1993, J. ReprocL FertUUy 99, 609-615) disclose a human 
VEGF145 spHce variant mRNA. Cheung et al. (1995, Am. -/ Obstet. 
5 Gynecol. 173, 753-759) disclose an ovine \^GF145 splice variant mRNA. 
These disclosures do not demonstrate the presence or activaty of the 
protein product. 

Poltorak et al. (1997, J. Biol. Chem. 272, 7151-7158) disclosed 
that recombinant human VEGF145 has approximately one-sixth acti\Tty 
10 as a mitogen when compared to recombinant human VEGF165. 

U.S. Patent No. 5,194,596 discloses the nucleotide and amino 
acid sequence encoding the 121 amino acid form of human VEGF. 

The 206 amino acid and 189 amino acid forms ot human 
VEGF each contain a highly basic 24-amino acid insert that promotes 
15 tight binding to heparin, and presumably, heparin proteoglycans on 
cellular surfaces and within extracellular matrices (Ferrara, et al., 
1991, J, Cell Biochem. 47: 211-218). The VEGFi65 form binds heparin to 
a lesser extent while VEGF121 does not hind heparin. 

Human PIGF is also a glycosylated homodimer which 
20 shares 46% homology^ with VEGF at the protein level. Differential 

splicing of human PIGF mRNA leads to either a 170 amino acid or 149 
amino acid precursor, w^hich are proteolytically processed to mature 
forms of 152 or 131 ammo acids in length, respectively (Ba\'ne and 
Thomas. EP Pubhcation #0506477 [30 Sept 1992]; Maglione, et al., 1993, 
25 Oncogene 8: 925-931; Hauser and Welch, 1993, Growth Factors 9: 259- 
268). 

VEGF-B has been isolated and characterized (Grimmond et 
ah, 1996, Genome Research 6: 124-131; Olofsson et ah, 1996, Proc. Nati 
Acad. ScL USA 93: 2576-2581). The full-length human cDNAs encode 188 
and 207 ammo acid residue precursors wherein the NTl2 terminal 
portions are proteoKtically processed to mature forms 167 and 18fi amino 
acid residues in length. Human VEGF-B expression was found 
predominantly in heart and skeletal muscle as a disulfide-linked 
homodimer. However, human VECtI^^-I^ may also form a heterodimer 
35 'Aath\'T:GF ud. @ 2580 i. 

\T.GF-r has also been isolated and characterized (Moukov et 
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al., 1996, EMBO J. 15: 290-298; see also PCT International application 
WO 96/39515,1. A cDNA encoding VEGF-C was obtained from a human 
prostatic adenocarcinoma cell line. A 32 kJDa precursor protein is 
proteolytically processed to generate the mature 23 kDa form, which 
5 binds the receptor tyrosine kinase, Flt-4. 

V^EGF-D was identified in an EST library-, the full-length 
coding region was cloned and recognized to bo most homologous to 
VEGF-C among the VEGF family amino acid sequences (Yamada, et 
al., 1997, Genomics 42:483-488). The human VEGF-D mRNA was shown 
10 to be expressed in lung and muscle. 

VEGF and its homologues impart activity by binding to 
vascular endothelial cell plasma membrane-spanning tyrosine kinase 
receptors which then activate signal transduction and cellular signals. 
The Fit receptor family is a major t\T0sine kinase receptor which binds 
15 VEGF with high affinity. At present the fit receptor family includes flt-1 
(Shibuya, et al., 1990, Oncogene 5: 519-524), KDR/fLk-l(Terman, et al., 
1991, Oncogene 6: 1677-1683; Terman, et al., 1992, Biochem, Biophys. 
Res. Commun. 1S7: 1579-1586;, and flt-4 (Pajusola, et al., 1992, Cancer 
Res. 52: 5738-5743). 

20 Vascular endothelial growth factor (VEGF) binds the high 

affinity membrane-spanning tyrosine kinase receptors KDR and Flt-1. 
Cell culture and gene knockout experiments indicate that each receptor 
contributes to different aspects of angiogenesis. KDR mediates the 
mitogemc function of VEGF w^hereas Flt-1 appears to modulate non- 
25 mitogenic ftmctions perhaps including cellular adhesion and/or 

migration. Inhibiting KDR thus significantly diminishes the level of 
mitogenic \^GF activity. 

Isner et al. ( 1996, The Lancet 348:370-374) disclose that 
administration of a DNA plasmid vector encoding recombinant human 
30 VEGF 165 to a human patient improved blood supply to an ischemic limb. 

Despite recent advances in identifying genes encoding 
ligands and receptors involved in angiogenesis, there is no indication 
that gene therapy based on delivery and expression of V^EGFl-tfj would 
promote the ievel of angiogenesis required to overcome peripheral or 
35 cardiac ischemias The present invention addresses and meets this 
need. 
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SUMM.\RY OF THE INV'ENTION 

The present invention relates to methods of gene therapy for 
stimulating VEGF-induced angiogenesis associated \\4th ischemic 
peripheral and/or cardiac muscle. Vascular endothelial growth factor 
acts as a mitogen to stimulate local angiogenesis from vascular 
endothelial cells so as to increase neovascularization, perfusion and 
performance cjf ischemic peripheral andy'or cardiac muscle. A nucleic 
acid molecule encoding VT]GFl45 or mutant versions thereof may he 
delivered either systemically or locally in a direct manner to target cells 
of the mammalian host by \nral or non-viral based methods. A preferred 
mammalian host of the present invention is a human. 

The present invention therefore relates to gene transfer of a 
nucleic acid molecule and concomitant in vivo expression ot a soluble 
form of a mammalian VEGF145 protein within a mammalian host. It is 
preferred that the form of VEGF used to practice the present invention be 
a mammalian splice variant related to human VEGF 145. An especially 
preferred form for use in gene therapy application of the present 
invention is a DNA molecule encoding human \'^]GFl4o. It will be 
within the purview of the skilled artisan to generate one or more 
alternative forms of human VEGF 145. a form which promotes 
angiogenesis on par with other forms of mammalian VEGF, and 
especially on par with other human VEGF forms, including but not 
limited to human VEGF 139, human VEGF 165, human \'E;GF121, human 
VEGF-B, human VEGF-C and human \TEGF-D. Such a VEGF145 gene 
therapy vehicle may be generated by recombinant DNA techniques 
knovrTi in the art using a DNA fragment encoding a partial or complete 
amino acid sequence of human VEGF145. Using recombinant DNA 
techniques, DNA molecules are constructed which encode at least a 
portion of human VEGF 145 receptor capable of stimulating 
angiogenesi.^. Standard recombinant DNA techniques are used such as 
those found in Maniatis, et al. (1982, Molecular Cloning: A Laboratory 
Manual: Cold Spring Harbor Laboratory. Cold Spring Harbor, New 
York; and which are exemplified within the confines of the specification. 

In an especially preferred embodiment of the present 
invention, a DNA molecule comprising the nucleotide sequence as set 
forth in SEQ ID NO:l is a template for constructing a gene therapy 
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vector. Such a f^ene therapy vector will express human VEGF145 (SEQ 
ID N0:2 ) or a biologically active form of human V"EGFl45 promotes 
angiogenesis subsequent to delivery to a mammalian host in order to 
combat cardiac or peripheral ischemia. 
5 In another especially preferred embodiment of the present 

invention, a DNA molecule which encodes the human VEGFl45 protein 
as set forth in SEQ ID N0:2, or a biologically active form, is a template 
for constructing a gene therapy vector. Such a gene therapy vector will 
express human VEGF145 (SEQ ID NO:2) or a biologically active form of 

10 human V^GFl45 and promote angiogenesis subsequent to deliver\^ to a 
mammalian host in order to combat cardiac or peripheral ischemia. 

Any VEGFl4o construct, including but not necessarily 
limited to a himaan VEGF145 construct comprising the DNA sequence as 
set forth in SEQ ID NO:l, and biologically active form thereof, may be 

15 delivered to a mammalian host using a vector or other delivery vehicle. 
A DNA fragment encoding \'EGFl45 or biologically active mutant 
versions thereof may be delivered either systemically or locally to target 
cells in the proxdrmty of or within an ischemic tissue of a mammalian 
host by viral or non-viral based methods. Viral vector systems which 

20 may be utilized in the present invention include, but are not limited to, 
(a) adenovirus vectors; (b) retrovirus vectors; (c) adeno-associated virus 
vectors; (d) herpes simplex virus vectors; (e) SV 40 vectors; (f) polyoma 
virus vectors; (gj papilloma \drus vectors; (h) picamovirus vectors; and 
(i) vaccinia virus vectors. Non-viral methods of delivery include but are 

25 not necessarily limited to direct injection of naked DNA, such as any 
recombinant DNA plasmid expression vector described herein which 
comprises a DNA fragment encoding VEGF145. Additional non-viral 
vectors include but are not limited to DNA-lipid complexes, for example 
liposome-mediated or ligand/ poly-L-Lysine conjugates, such as 

}0 asialoglyco-protein-mediated deliver^' systems. 

A preferred viral vector of the present invention is a first, 
seccmd or helper dependent adenovirus vector. 

An especially preferred first generation recombinant 
AdyVEGFi4.s virus is AdVEGFl45. 

35 A preferred n{m-\nral vector system of the present invention 

relates to use of a DNA plasmid expression vector, of which numerous 
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examples are known to the skilled artisan. As noted below, an 
expression vector is any polynucleotide having regulatory regions 
operably Unked to a coding region such that, when in a host cell, the 
vector can direct the expression of the coding sequence. The expression 
5 vectors utilized to practice the present invention will comprise 

regulatory regions which promote expression within the target cell so as 
to impart a therapeutic effect on a particular ischemia within the 

mammalian host. 

In addition to gene therapy related applications involving 
10 nucleic acid molecules encoding VEGF145, a VEGFU5 protein or 

biologically active fragment thereof may be utilized to treat various 
peripheral and/or cardiac ischemias in the mammalian host, preferably 
a human. Recombinant human VEGF145 as exemplified within this 
specification may be delivered from slow release polymers or devices into 
15 ischemic tissue or systemically. Pharmaceutically useful compositions 
comprising VEGF145 can be formulated according to known methods 
such as by the admixture of a pharmaceutically acceptable carrier. 
Examples of such carriers and methods of formulation can be found in 
Remington's Pharmaceutical Sciences. To form a pharmaceutically 
20 acceptable composition suitable for effective administration, such 

compositions will contain a biologically effective amount of the VEGF145 
protein, preferably recombinant human VEGF145 protein. 

As used herein, "VEGF" or "VEGF-A- refers to vascular 
endothelial growth factor, which comprises proteins which are 
25 translational products of various splice variants, particularly VEGF 12 1, 
VEGF145, VEGF165 and \-EGFi89. A particular spHce variant is referred 
to with the appropriate amino acid total of the mature form of the protein 

(e.g., VEGF121). 

As used herein, "homologue of VEGF" refers to 
30 homodimers of VEGF-B. \T.GF-C, VEGF-D and PIGF and any ^ 

functional heterodimers formed between VEGF-A. \'EGF-B. VEGF-C. 
VEGF-D and PIGF. including but not Umited to a VECiF-.A. PlGb 
hetcrodimer. 

As used herein. "VEGF-B" refers to vascular endothelial 

35 ^Towth factor-B. 

As used herein. 'VEGF-C" refers to vascular endothelial 

- - 
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^owth factor-C. 

As used herein, "VEGF-D" refers to vascular endothehal 

^owth factor-D. 

As used herein, "KDR" or "FLK-V refers to kinase insert 

5 domain-containing receptor or fetal liver kinase. 

As used herein, "FLT-l" refers to ftns-Uke tyrosine kinase 

receptor. 

As used herein, "'Ad" refers to adenovirus. 

As used herein, "HUVECs" refers to human umbiUcal vein 

10 endothelial cells. 

As used herein, the term "mammaUan host" refers to any 

mammal, including a human being. 

As used herein, the term "hVEGFl45 refers to human 

VEGF145. 

15 As used herein a "polynucleotide" is a nucleic acid of more 

than one nucleotide. A polynucleotide can be made up of multiple 
polynucleotide units that are referred to by description of the umt. For 
example, a polynucleotide can comprise within its bounds a 
polynucleotide(s) having a coding sequence{s), a polynucleotade(s) that is 

20 a regulatory region(s) and/or other polynucleotide umts commonly used 
in the art. 

As used herein, an "expression vector" is a polynucleotide 
having regulatory re^ons operably linked to a coding region such that, 
when in a host cell, the vector can direct the expression of the coding 
sequence. The use of expression vectors is well known in the art. 
Expression vectors can be used in a variety of host cells and, therefore, 
the regulatory regions are preferably chosen as appropriate for the 

particular host cell. 

As used herein, a "biologically active fragment", 
-biologicallv active form", "biologically active equivalent" or "functional 
derivative" of a ^vlld-tvpe human VEGFuo possesses a biological activity 
that IS at least substantially equal to the biological actnity of the %^ild tv-pe 
human \T.GFl4-, The above-mentioned terms are intended to include 
"fragments", "mutant..." or "variants." of the vnid type human VEGFuo 
protein which is not substantially similar to other known VEGF 
homologues. The term "fragment" is meant to refer to any polypeptide 
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subset of wild-type human VTlGFl iS which is not substantially similar in 
structure to other known V'EGF homologues. The term "mutant'' is 
meant to refer to a molecule that may be substantially siimlar to the 
wild-type form but possesses distingiiishing biological characteristics. 
5 Such altered characteristics include but are in no way limited to altered 
substrate binding, altered substrate afRnity and altered sensitivity to 
chemical compounds affecting biological activity of the human VEGF145 
or human V^EGFl45 fimctional derivative which may make the 
respective mutant attractive for the gene therapy applications disclosed 

10 within the confines of this specification. The term '^variant" is meant to 
refer to a molecule substantially similar in structure and function to 
either the entire wild-type protein or to a fragment thereof. 

It is an object of the present invention to provide systemic ui 
localized delivery of VEGF145 to a mammalian host, and preferably a 

15 human host, to stimtilate angiogenesis for treatment of peripheral and 
cardiac ischemia. 

It is also an object of the present invention to utilize a gene 
or gene fragment of human VEGF145 in gene therapy methods to 
stimulate angiogenesis for treatment of peripheral and cardiac 

20 ischemia. 

It is an object of the present invention to provide 
recombinant DNA vectors containing VEGF145 constructs, preferably 
human VEGF145 constructions, for use in gene therapy to stimulate 
angiogenesis for treatment of peripheral and cardiac ischemia. 

25 

BRIEF DESCRIPTION OF THE DR^WVINGS 

Figure 1 shows the cDNA sequence which encodes the full- 
length translation product precursor of mature human VEGF145. The 
TGA translation termination codon is shown and the sequence is 
30 grouped by codon. 

Figure 2 shows the amino acid sequence of human \'EGFi4o 
m single letter code, and as set forth in SEQ ID NO:2 in three letter code. 
The deduced amino acid sequence of the full-length translation product 
includes the predicted N-termmal 2fS amino acid residue secretory/ 
35 leader sec^uence 'underlined 1. 

Figure 3 shows roversed-phase C4 Chromatography of 
- 8 - 



PCT l SMM/22668 



pooled \^GFl'i5. The pooled \TiGFl-i5-conLaining sample from the Mono 
S colimm was loaded onto a C4 reversed phase HPLC column 
equilibrated in 0.1% acetonitrile and eluted at flow rate of 200 filymin 
with a 0-70% iv/v) gradient of acetonitrile monitoring absorbance at 215 
5 nm. 

Figiire 4 shows a Western blot of hVEGFl45. Fractions 15 
and IB from the C4 HPLC chromatographic fractionation were analyzed 

by SDS/PAGE and Western blotting using an anti-VF^GF antibody. The 
positions and masses in kDa of molecular mass markers are denoted on 

10 the right of the figure. 

Figure 5 shows the purity of hVEGFl45, Fraction 15 from 
the C4 reversed phase HPLC column was analyzed by SDS/PAGE on a 4- 
20% gradient gel and silver stained. The positions and masses in kDa uf 
molecular mass markers are denoted on the right of the figure. 

15 Figure 6 shows VEGF145 mitogenic activity. Purified 

human recombinant VEGF145 (open circles) and VEGF165 (filled circles) 
were assayed in parallel as a function of dose on human umbilical vein 
vascular endothelial cells in culture. Mitogenesis was monitored by 
incorporation of [3H]thymidine into DNA and expressed as percent 

20 maximum response. Each dose-response curve is the average of 3 
separate determinations. 

Figure 7 shows DNA plasmid expression vector, VlJns. 

DETAILED DESCRIPTION OF THE IN\^NTION 

25 The present invention relates to methods of gene therapy for 

stimulating VEGF-induced angiogenesis including but not limited to 
ischemic peripheral and/or cardiac tissue. Vascular endothelial growth 
factor acts as a mitogen to stimulate local angiogenesis from vascular 
endothelial cells so as to increase neovascularization, perfusion and 

j(l performance of ischemic peripheral andyor cardiac muscle. A nucleic 
acid m(jlecule encoding VEGF145 or mutant versions thereof may be 
delivered either systemically or locally in a direct manner to target cell> 
of the mammalian host by viral or noii-\nral based methods. 

The present invention therefore relates to gene transfer of a 

35 nucleic acid molecule and concomitant m vlvo expression tjf a soluble 

form of a mammalian VEGFlto protein within a mammalian host. It is 
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preferred that the form of VEGF used to practice the present invention be 
a mammalian splice variant related to human \^GFi45. An especially 
preferred form for use in gene therapy application of the present 
invention is a DNA molecule encodinj^ human VEGF145. 
5 Therefore, the present invention relates in part to fully 

active human VEGF 145 to be delivered as a protein or gene therapeutic 
agent to promote angiogenesis. The cDNA fragment which encodes 
human VT5GF145 (as set forth in SEQ ID NO:l) was generated by PCR- 
based hybridization to human placenta total RNA, cDNA S3mthesis, and 

10 isolation of a positive clone for further characterization. The 

corresponding hVEGFl45 protein has been expressed from a bacuiovirus 
expression system in insect cells and chromatographically purified to 
homogeneity. Therefore, the present invention provides for expression of 
fully active recombinant VEGF 145 protein either in culture or by m vivo 

15 gene transfer delivery from plasmids or viral vectors to promote 
hVEGFl45 expression and to promote angiogenesis m and around 
ischemic tissue. Messenger RNA encoding a human alternatively 
spliced isoform of vascular endothelial growth factor (VEGF) that 
contains 145 amino acids in the mature processed form had been 

20 identified but the native protein was not demonstrated to exist so its 

effective translation and expression as a stably folded and active protein 
was not established. It is known that expression is not guaranteed by 
the presence of mRNA as shown in the case of several mJRNAs encoding 
IGF II. A recombinant form of VEGF 145 was reported to be only l/6th as 

25 active as VEGF165 (Poltorak et aL, 1997, J. BioL Chem. 272; 7151-7158). 
Therefore, the disclosed gene therapy apphcations of the present 
invention are exemplified in part by showing that recombinant human 
\^GFl45 is equivalently active to human VEGF165. This data 
demonstrates, in stark contrast to the above-mentioned publication, that 

30 hVEGFl45 IS a fully functional VEGF isoform. As a consequence of the 
full mitogenic activity of VEGF M.S. it is now estahhshed wiihm the 
confines of this specification that VEGFl i5 is an appropriate 
Iiene prntcin for use as a therapeutic agent as indicated herein. 

To this end, a particular embodiment of the present 

35 invention involves the use of a human rt^combinant form of\'Ti]GFl45 in 
gene therapy protocols. It will he within the purview^ of the skilled 

- 10 ' 
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artisan to j^enerate additional forms of human VEGF145 wiiich arc 
within the scope of the present invention. Any such biologically active 
alternative form will be structurally similar to VEGF145 when compared 
to known VEGF homologues and will promote angiogenesis at a 
5 substantially similar level as with other such mammalian VEGF 

homolojjues, and especially at a substantially similar level as human 
VEGF homoloi^es, including but not limited to human V^GFl89, 
human VEGF 165, human VEGFl2l, human VEGF-B, human VEGF-C 
and human VEGF-D. Such a VEGF 145 gene therapy vehicle may be 

1(3 generated by recombinant DNA techniques known in the art using a 
DNA fragment encoding a complete or partial amino acid sequence of 
human VEGF 145. Again, any such partial or fragmented version of 
VEGF145 will be substantially more similar to \^GFl45 as compared to 
other known forms of VEGF. Using recombinant DNA techniques, DNA 

15 molecules are constructed which encode at least a portion of human 
VEGF145 receptor capable of stimulating angiogenesis. Standard 
recombinant DNA techniques are used such as those found in Maniatis, 
et al. (1982, Molecular Cloning: A Laboratory Manual; Cold Spring 
Harbor Laboratory, Cold Spring Harbor, New York). 

20 In a preferred embodiment of the present invention, a DNA 

fragment comprising the nucleotide sequence as set forth in SEQ ID 
N0:1 encoding human \'^GFl45 is the template for constructing a gene 
therapy vector wherein expressed human VEGF145 (SEQ ID NO:2) or a 
biologically active form promotes angiogenesis subsequent to delivery to 

25 a mammalian host in order to ofTer therapeutic treatment for cardiac or 
peripheral ischemia. Therefore, the present invention discloses 
methods of gene therapy utilizing a DNA molecule encoding VEGF145 
(preferably a DNA molecule encoding hVEGFi45J and DNA molecules 
encoding biologically active fragments as noted herein, or various 

30 pharmaceutical applications of VEGF'l45 protein ' preferably hVEGFl45 
protemj and biologically active fragments herein, to increase 
neovascularization, pertusion and performance of ischemic peripheral 
and cardiac muscle 

Briefly, a cDNA clone encodint; human VEGF 145 was 

35 isolated by PCR-mediated screening of a human placental total RNA. 

The human placenta total RNA was used for tlie first strand cDNA. Tht 
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reaction was primed with random hexamers. Following the s>'Tithesis 
reaction aliquots (2 ul) were used as templates in polymerase chain 
reactions using Pfu DNA polymerase. The following pnmers derived 
from the rat cDNA sequence were used for the amplification of human 
5 VEGFs; forward primer, 

5'ACGGGATCCAAATATGAACTTTCTGCTCTCTTG-3' rSEQ ID NO:3); 
reverse primer, 5'-TGGAAGCTTTCACCGCCTTGGCTTGTC-3' (SEQ ID 
N0:4j. Each primer contains a single nucleotide base change when 
compared to the isolated human DNA sequence. However the predicted 
10 protein sequence is identical to the human amino acid sequence (i.e., 
codon CTC CTG for Pro as amino acid #5 of the signal sequence of 
VEGF145 for the forward primer and codon CCA — ^ CCG for Arg as 
amino acid # 143 of mature form of VEGF145 for the reverse primer) as 
predicted from known sequence analysis and splice variant analysis of 
15 human VEGF homolognes. PGR products were visualized by gel 
electrophoresis and a band corresponding to the expected size of 
VEGF 145 was detected only in the placental RNA reaction. The 
appropriate sized cDNA molecules were subcloned into a pCR-blunt 
plasmid, which was transfected into competent E.coLi cells, p:own, 
20 isolated and digested with EcoRI. Clones with the insert size expected 
for the human VEGF 145 gene fragment were confirmed by DNA 
sequence analysis. 

A DNA fragment encoding human VEGF145, set forth as 
SEQ ID N0:1, is as follows: 
25 ATG AAC TTT CTG CTC TCT TGG GTG CAT TGG 

AGC CTT GCC TTG CTG CTC TAG CTC CAC CAT 
GCC AAG TGG TCC CAG GCT GCA CCC ATG GCA 
GAA GGA GGA GGG CAG AAT CAT CAC GAA GTG 
GTG AAG TTC ATG GAT GTC TAT CAG CGC AGC 
30 TAC TGC CAT CCA AT(^ GAG ACC CTG GT(; (;A(^ 

ATC TTC CAG GAG TAC CCT GAT GAG ATC GAG 
TAC A rC TTC AAG CCA TCC TGT GTG CCC CTG 
ATG CGA TGC GGG GGC TGC TGC AAT GAC GAG 
GGC CTG GAG TGT GTG CCC ACT GAG GAG TCC 
35 AAC ATC ACC ATG CAG ATV ATG CGG ATC AAA 

CCT CAC C.A.^ GGC CAG CAC ATA GGA GAG ATG 
- 12 - 
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AGC TTC CTA CAG CAC A.\C AAA TGT GA.\ TGC 
AGA CCA AAG AAA GAT AGA GCA AGA CAA GAA 
AAA AAA TCA GTT CGA GGA AAG GGA AAG GGG 
CAA AAA CGA .AAG CGC .AAG AAA TCC CGG TAT 
5 AAG TCC TGG AGC GTG TGT GAC AAG CCA AGG 

CGG TGA (SEQ ID N0:1). 

The human recombinant VEGFI45 protein expressed from 
SEQ ID NO:l is set forth as SEQ ID NO:2 and is as follows: 
MNFLLSWV^HW SLALLLYLHH AKWSQAA PMA 
10 EGGGQNHHEV VKFMDVYQRS YCHPIETLVD IFQE^TDEIE 

YIFKPSCVTL MRCGGCCNDE GLECVPTEES NITMQIMRIK 
PHQGQHIGEM SFLQHNKCEC RPKKDRAKQE KKSVRGKGKG 
QKKKRKKSRY KSWSV'CDKPR R (SEQ ID NO:2), 
as shown in single letter code. The underlined portion represents the 
15 putative signal peptide for human VEGF145. 

Expression vectors are defined herein as DNA sequences 
that are required for the transcription of cloned copies of genes and the 
translation of their mRNAs in an appropriate host. Such vectors can be 
used to express eukaryotic genes in a variety of hosts such as bacteria, 
20 bluegreen algae, fungal cells, yeast cells, plant cells, insect cells and 
animal ceils. 

Specifically designed vectors allow the shuttling of DNA 
between hosts such as bactena-yeast or bacteria-animal or bacteria- 
insect cells. An appropriately constructed expression vector should 

25 contain: an origin of replication for autonomous replication in host cells, 
selectable markers, a limited number of useful restriction enzyme sites, 
a potential for high copy number, and active promoters. A promoter is 
defined as a DNA sequence that directs RNA polymerase to bind to DNA 
and initiate RNA synthesis. A strong promoter is one which causes 

30 mRNAs to be mi ti a ted at high frequency. Expression vectors may 

include, but are not limited to, cloumg vectors, modified cloning vectors, 
specifically designed plasmids or \t ruses. 

One embodiment of the present invention relates to a non- 
viral vector which is a recombinant plasmid vector comprising a 

35 nucleotide sec^iiencR encoding VEGFuri A preferred aspect of this 
embodiment is a recombinant plasmid vector which comprises a 

- 1,' ^ - 
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nucieotide fragment which comprises human \''^GFl45 as set forth in 
SEQ ID NO:l. It will be w^ithin the purview of the artisan of ordinary 
skill to pick and choose betw^een available recombinant expression 
plasmids which express human VEGF145 at therapeutically acceptable 
5 levels v^Tthin the mammalian host. 

In another especially preferred embodiment of the present 
invention, a DNA molecule which encodes the human VEGFi45 protein 
as set forth in SEQ ID NO:2, or a biolo^cally active form, is a template 
for constructing a gene therapy vector. Such a gene therapy vector wall 

10 express human VEGF145 (SEQ ID NO:2) or a biologically active form of 
human VF1GF145 and promote angiogenesis subsequent to delivery to a 
mammalian host m order to combat cardiac or peripheral ischemia. 

DNA encoding VEGFl4o or a biologically active fragment as 
defined herein may also be cloned into an expression vector for 

15 expression in a recombinant host cell. Recombinant host cells may be 
prokaryotic or eukaryotic, including but not limited to bacteria, yeast, 
mammalian cells including but not limited to cell lines of human, 
bovine, porcine, monkey and rodent origin, and insect cells including 
but not limited to drosophila, moth, mosquito and armyworm derived 

20 cell lines. The expression vector may be introduced into host cells via 
any one of a number of techniques including but not limited to 
transformation, transfection, Ad/polylysine DNA complexes, protoplast 
fusion, and electroporation. Cell lines derived from mammalian species 
which may be suitable and which are commercially available, include 

25 but are not hmited to, CV-1 (ATCC CCL 70), COS-1 (ATCC CRL 1650), 
COS-7 (ATCC CRL 1651 j, CHO-Kl <ATCC CCL 61), 3T3 (ATCC CCL 92), 
NIH/3T3 (ATCC CRL 1658), HeLa (ATCC CCL 2), C127I (ATCC CRL 
1616), BS-C-1 (ATCC CCL 26) and MRC-5 (ATCC CCL 171j and HEK 293 
cells. Insect cell lines which may be suitable and are commercially 

30 available include but are not limited to 3M-S ATCC CRL 8851 ) moth 

'ATCC CCL 80 J mosquito (ATCC CCL 194 and 195; ATCC CRL 1660 and 
1591 and arm\^vf>rm 'SH}. ATCC CRL 171 \i and Sf21 ( Invitro^^en 

Commercially available mammalian expression vectors 
which may be suitable for recombinant hunaan VEGF145 expression 
include but are not limited to, pcDNA.'M ( Invi trogen ), pBlaeBacHis2 or 
pBlue Bac 4 Tnvitrogen ), pLITMUS2.4, pLITMUS29, pLlTMUS38 and 

- 14- 
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pLIT\njS39 (New England Bioloabs), pcDNAI, pcDNAIamp 
tInvTtrogenK pcDNA3 (In\Ttrogenj, pAIClneo (Stratagene ), pXTl 
(Stratagenej, pSG5 fStratagene), EBO-pSV2-neo (ATCC 37593 ) pBPV-l(8- 
2) (ATCC 37 110 J, pdBPV-\rMTneo(342-12) (ATCC 37224), pRSVgpt 
5 (ATCC 37199), pRSVneo (ATCC 37198), pSV2-dhfr (ATCC 37146), 
pUCTag (ATCC 37460), and 1ZD35 (ATCC 37565). 

The cloned human VEGF145 cDNA obtained through the 
methods described above may be recombinantly expressed by molecular 
cloning into an expression vector containing a suitable promoter and 

10 other appropriate transcription regulatory elements, and transferred 
into prokaryotic or eukaryotic host cells to produce recombinant 
VEGF145. Techniques for such manipulations are fully described in 
Maniatis, et al.(iu.;, and are well known in the art. As a example, and 
not as a limitation, the VEGFl45 cDNA as set forth in SEQ ID NO:l was 

15 expressed in a Baculovirus expression system for the purpose of 

obtaining purified preparations of hVEGFl45 and to test the ability of this 
protein to stimulate vascular endothelial cell mitogenesis necessary for 
angiogenesis. The hVEGFl45 gene fragment was isolated as a Bam 
Hi/Hind III fragment and subsequently subcloned into the baculovirus 

20 expression vector pBlueBac4. Human VEGF145 protein was expressed 
in SrZl cells and concentrated through a heparin-Sepharose column. 
Human VEGF145 fractions were identified loaded onto a Mono S HR5/5 
column. Peak fractions were pooled, loaded onto and eluted from a C4 
column. Human VEGF145 was identified by Western blot and the purity 

25 was determined by separation on a 4-20% SDS/PAGE gel and then 
visualized by silver stain. 

Additional expression vector and modifications thereof may 
be utilized which have been optimized for pol\Tiucleotide vaccinations. 
Essentially all extraneous DNA is removed, leaving the essential 
elements of transcriptional promoter, transcriptional terminator, 
bacterial origin of replication and antibiotic resistance gene. As n(Jted 
throu;^'hout this specification, standard techniques of molecular bioiog>' 
for preparing and purifying DNA constructs enable the preparation of 
various DNA phismid expression vectors. Numerous expression vectors 

35 which may be utilized to practice the <xene therapy applications of the 
present invention are described in full within PCT International 
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Application W097/31115, which is hereby incorporated by reference. For 
example, VlJns is a DNA plasmid expression vector which comprises a 
CMV immediate-early (IE) promoter, bovine t^owth hormone 'BGH) 
polyadenylation site, and a pUC backbone. It is also possible to replace 

5 the wild type signal sequence of VEGFl tn with a signal sequence from 
another protein, such as but not limited to tissue-specific plasminogen 
activator (tPA) gene, resulting in VlJns-tPA. Additional DNA plasmid 
vectors described \\dthin W097/31115 which may be used to practice the 
present invention in addition to VlJns and VlJns-tPA, includes but is 

10 not limited to VlJneo. The nucleotide sequence of expression plasmid 

VlJneo is set forth as SEQ ID N0:5. The expression plasmid VlJns was 
constructed by introducing an Sfi I site into VlJneo. A commercially 
available 13 base pair Kti 1 iiniter (JNew England BioLabs) was added at 
the Kpn I site within the BGH sequence of the vector. VlJneo was 

15 linearized vAth Kpnl, gel purified, blunted by T4 DNA polymerase, and 
ligatcd to the blunt Sfi I linker. Clonal isolates were chosen by 
restriction mapping and verified by sequencing through the linker. The 
map of expression vector VlJns is shown in Figure 7. To this end, a 
preferred, but in no way limiting plasmid expression vector which 

20 encodes human VEGF145 is pVlJnsVEGF 145, which is constructed as 
follows: A pCR-blunt clone described in Example Section 1 which 
comprises \^GFl45 (pCRAnEGF145-l J is digested w4th BamHI and 
EcoRI and ligated into BamHI/EcoRI digested pVlJns, which w-iU 
generate VlJnsVEGF145. 

25 It is shown in Example Section 3 that purified recombinant 

human VEGF145 stimulate proliferation of HUVEC monolayers in 
culture. It is kno\^'n that expression of VEGF mitogenic receptors that 
mediate mitogenic responses to the growth factor is largely restricted to 
vascular endothelial cells. Human umbilical vein endothelial cells in 

30 culture proliferate in response to VEGF treatment and can bo used as an 
assay system to quantify the effects VEGF i so forms. In the assay 
described in Example Section 3, qmescent HUVEC' monolayers are 
stimulated to proliferate upon addition of VEGF. Purified baculovTrus- 
expressed human VEGF 145 was fully et^icacnous as an endothelial ceil 

35 mitogen when compared to haculovirus-expresscd human VEGFi65 with 
equivalent half-maximal acti\nties of 17-19 ng/ml for VEGFlGo and 
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VEGF145. 

Therefore, any VEGF145 construct, including but not 
necessarily limited to a human VEGF145 construct comprising the DNA 
molecule as set forth m SEQ ID N0:1 or a DNA molecule which encodes 
5 the human VEGFi45 protein as set forth in SEQ ID NO:2, and 

biologically active forms thereof, may be delivered to the mammalian 
host using a vector or other delivery vehicle. As noted elsewhere in this 
specification, the preferred host of the present invention is a human 
host. In addition to a DNA plasmid expression vector as a DNA delivery 

10 vector for VEGFl45-based gene therapy, other non-viral DNA deUvery 

vehicles include but are not limited to DNA-lipid complexes, for example 
liposome-mediated or ligand/ poly-L-Lysine conjugates, such as 
asialoglyco-protein-mediated delivery systems (see for example: Feigner 
et al., 1994, J. Biol. Chem. 269:2550-2561; Derossi et al., 1995, Restor. 

15 NeuroL Neuros. 8:7-10; and Abcallah et al., 1995, BioL Cell 85:1-7). It is 
preferred that local cells such as muscle cells be targeted for delivery 
and concomitant in vivo expression of the respective VEGF145 protein to 
promote angiogenesis in and around the damaged tissue. A viral or 
non-viral recombinant gene therapy vehicle comprising a DNA 

20 fragment encoding VEGF145 or mutant versions thereof may be 

delivered either systemically or locally to the target tissue and/or tissue 
adjacent to the ischemic region. However, other modes of 
administration of non-viral gene therapy vehicles are contemplated for 
this portion of the mvention, including but not necessarily limited to 

25 subcutaneous, topical, oral, and intraperitoneal administration, all 

using forms well known to those of ordinary skill in the pharmaceutical 
arts. 

Other DNA delivery vehicles include viral vectors such as 
adeno\Truses, adeno-associated viruses, retroviral vectors (see, for 

30 example: Chu et ai., 1994, Gene Therapy 1: 292-299; Couture et aJ., 1994. 
Hum. Gene Therapy, n:. 667-277; and Eiverhand et al.. 1995, Gene 
Therapy 2:336-34.'?), or a cnmhmaLion .system such as a recombinant 
chimeric adenoviral' retro viral vector svstem as described bv Feng et al 
i l997, Xature Biotechnology 15i9>: 866-870). 

35 One such embodiment of ilie present invention is utilization 

of a tirst or second generation recombinant adenovirus (Ad) system for 
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systemic or local delivery of a DNA fragment encoding VEGF145 or 
mutant versions thereof to the target cells of the mammalian host. A 
particiilarly useful first generation adenovirus system used to exemplify- 
this portion of the present invention is described in Example Section 4. A 
5 Hrst generation recombinant AdArEGFl-45 is one preferred gene therapy 
vehicle for systemic or local delivery to ischemic tissue for the purpose of 
stimulating angiogenesis. An especially preferred recombinant 
AdA^EGFl45 virus is AdVEGFl45. 

Another embodiment of the present invention is utilization 

10 of a helper-dependent recombinant adenovirus (Ad) system for systemic 
or local delivery of a DNA fragment encoding VEGFi45 or mutant 
versions thereof to the target cells of the mammalian A particularly 
usefid adenovirus system used to exemplify this portion of the present 
invention is described in Example Section 5 and is based on the system 

15 described by Parks et al. ( 1996, Proc. Natl. Acad, Sci. (USA) 93:13565- 

13570). A helper-dependent recombinant AdA"EGFl45 is also a preferred 
gene therapy vehicle for systemic or local delivery of a VEGFl45-encoding 
DNA fragment to ischemic tissue for the purpose of stimulating 
angiogenesis. An especially preferred helper-dependent recombinant 

20 AdA'^GFMS virus is AdHDVEGFl45-l or AdHDVEGF145-2. 

The recombinant first, second or helper-dependent 
AdA'EGFl45 viruses of the present invention, including but not limited 
to AdVEGF145 (first generation;, AdHDVEGF145-l and AdHDVEGF145- 
2 (helper dependent viruses), are preferably administered to the host by 

25 direct injection into the area in and/or adjacent to ischemic tissue or 
quiescent tissue proximal to the area of ischemia, such as adipose or 
muscle tissue. It will of course be useful to transfect cells in the region 
of targeted adipose and muscle tissue. Transient expression of a 
VEGFI45 in these surrounding cells will result m a local extracellular 

30 increase in VEGF145 and in turn will promote binding of recombinant 
V'EGF to KDR to promote angiogenesis and in turn overcome the epoxic 
state associated with ischemia. 

The recombinant first, second or helper-clependeni 
AdA'EGFl l5 viruses of the present invention, including hut not limited 

3S to Ad\^GFU5. AdHDVEGF145-l and AdHDV^GF145-2 , are al-;o 
preferably delivered by i.v. injection. A recombinant adenovirus 

- 18- 
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delivered by i.v. injection will preferentially infect hepatocytes, where 
expression persists for approximately 3-4 weeks for a first generation 
vector and possibly longer for helper dependent vector subsequent to the 
initial infection. Suitable titers will depend on a number of factors, such 
5 as the particular vector chosen, the host, strength of promoter used and 
the severity of the disease being treated. The skilled artisan may alter 
the titer of virus administered to the patient, depending upon the method 
of delivery, size of the tumor and efficiency of expression from the 
recombinant virus. A dose in the range of 106-10 H plaque forming units 

10 ipfus) is preferred to treat most tissue ischemias with VEGF145 therapy. 
The skilled artisan vrdl also realize that the number of viral particles 
encoding the transgene, whether or not replication competent in a 
complementing host cell, are a relevant dosing umt. in most 
adenovirus constructs, there are 50 to 100-fold more DNA containing 

15 particles than pfus. 

There are many embodiments of the instant invention 
which those skilled in the art can appreciate from the specification. To 
this end, different transcriptional promoters, tenninators, carrier 
vectors or specific gene sequences may be used successfully. Optimal 

20 precision in achieving concentrations of expressed VEGF145 within the 
range that jdelds optimal efficacy requires a regimen based on the 
kinetics of the proteins availability to appropriate membrane receptor 
kinases. This involves a consideration of the strength of expression from 
the VEGF145 construct, distribution, equilibrium, and elimination of the 

25 protein. 

The present invention provides methods of gene therapy 
which stimulate angiogenesis in and adjacent to ischemic tissue in a 
mammalian host, preferably a human host. It w^ll be readily apparent 
to the skilled artisan that various forms of the nucleotide sequence(s) 

30 encoding human or any mutated version thereof may be utilized to alter 
the ammo acid sequence of the expressed protein. The altered expressed 
protein may have an altered amino acid sequence, yet still bind to KDR 
and in turn promote angiogenesis. For example, it is preferred that 
expressed protein lack the entire signal sequence, that is that wild type 

35 proteolytic processing of the 2f> amino add signal sequence ho com.plete. 
However, it is within the scope of the invention that the leader sequence 
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need not comprise the entire initial 26 ammo acids of'SEQ ID NO:2. In 
other words, the important point is that the final, mature product retain 
the ability to bind KDR and promote a mitogenic signal. 

In an additional embodiment of the present invention a 
5 \^GFl45 protein or biologically active fragment thereof may be utilized to 
treat various peripheral and/or cardiac ischemias in the mammalian 
host. As an example but not forwarded as a limitation, recombinant 
human VEGFl45 as exemplified within this specification may be 
delivered from slow release polymers or devices into ischemic tissue or 

U) systemicaily. Pharmaceutically useful compositions comprising 

VEGF145 can be formulated according to known methods such as by the 
admixture of a pharmaceutically acceptable carrier. Examples of such 
carriers and methods of formulation can be found in Remington's 
Pharmaceutical Sciences. To form a pharmaceutically acceptable 

15 composition suitable for effective administration, such compositions will 
contain an effective amount of the VEGF145 protein, preferably 
recombinant human VEGF145 protein. 

Therapeutic or diagnostic proteinaceous compositions of the 
invention are administered to an individual in amounts sufficient to 

20 treat or diagnose disorders. The effective amount can vary according to 
a variety of factors such as the indivdduaFs condition, weight, sex and 
age. Other factors include the mode of administration. The 
pharmaceutical compositions can be provided to the individual by a 
variety of routes such as subcutaneous, topical, oral and intramuscular. 

25 The term "chemical derivative" describes a molecule that contains 

additional chemical moieties which are not normally a part of VEGF145. 
Such moieties can improve the solubility, half-life, absorption, etc. of the 
protein. Examples of such moieties are described in a variety of texts, 
such as Remington's Pharmaceutical Sciences. Compounds identified 

30 according to the methods disclosed herein can be used alone at 

appropriate dosages. Alternatively, co-administration or sequential 
administration of other agents can be desirable. 

The present invention also provides a means to obtain 
suitable topical, oral, systemic and parenteral pr{neinaceous 

35 pharmaceutical formulations for use in the methods of treatment of the 
present invention. The compositions cc)ntaining compounds or 
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molecules identified according; to this invention as the active ingredient 
can be administered in a w^de variety of therapeutic dosage forms m 
conventional vehicles for administration. For example, the compounds 
can be administered in such oral dosage forms as tablets, capsules (each 
5 including timed release and sustained release formiilations ), pills, 
powders, granules, elixirs, tinctures, solutions, suspensions, syrups 
and emulsions, or by injection. Likewise, they can also be administered 
m intravenous (both bolus and infusion), intraperitoneal, subcutaneous, 
topical with or without occlusion, or intramuscular form, all using 

10 forms well known to those of ordinary skill in the pharmaceutical arts. 

Advantageously, compounds of the present invention can be 
administered in a single daily dose, or the total daily dosage can be 
administered in divided doses of tw^o, three or four times daily. 
Furthermore, compounds for the present invention can be administered 

15 in intranasal form via topical use of suitable intranasal vehicles, or via 
transdermal routes, using those forms of transdermal skin patches well 
known to those of ordinary skill in that art. To be administered in the 
form of a transdermal delivery system, the dosage administration will, 
of course, be continuous rather than intermittent throughout the dosage 

20 regimen. 

For combination treatment with more than one active 
agent, vrhere the active agents are in separate dosage formulations, the 
active agents can be administered concurrently, or they each can be 
administered at separately staggered times. 

25 The dosage regimen utilizing the compounds of the present 

invention is selected in accordance with a variety of factors including 
type, species, age, weight, sex and medical condition of the patient; the 
severity of the condition to be treated; the route of administration; the 
renal, hepatic and cardiovascular function of the patient; and the 

30 particular compound thereof employed. A physician or veterinarian of 
ordinary skill can readily determine and prescribe the etTective amount 
of the drug reqmred to prevent, counter or arrest the progress of the 
condition Optimal precision in achieving concentrations of"VEGKM5 
Vr-ithin the range that \Telds optimal efficacy requires a reginitMi based 

.^5 on the kinetics of the proteins availability to appropriate membrane 
receptor kinases. This involves a consideration of the distribution. 
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equilibnum, and elimination of the protein. 

The foilowang examples are provided to illustrate the 
present invention without, however, limiting the same hereto. 

5 EXAMPLE 1 

ISOLATION OF A cDNA ENCODING HUMAN VEGF145 

cDNA synthesis and PCR amplification - Five \ig of human 
placenta total RNA (Clonetech Laboratories Inc. Cat # 64024-1) was used 

10 for the first strand cDNA synthesis in 20 fil reaction usin^ Superscript 
pre-amphfication system (GIBCO BRL Life Technologies Cat. #18089- 
Oil) for first strand cDNA synthesis. The reaction was primed with 
random hexamers. Following the synthesis reaction aliquots (2 a\i were 
used as templates in polymerase chain reactions using Pfu DNA 

15 polymerase. The followang primers were used for the amplification of 
human VEGFs: forward primer, 

5'-ACGGGATCCAAATATGAACTTTCTGCTCTCTTG-3' (SEQ ID 
NO:3); reverse primer, 5'-TGGAAGCTTTCACCGCCTTGGCTTGTC-3' 
(SEQ ID N0:4). PCR reactions were performed as follows; to each PCR 

20 reaction tube add 5 fil of lOX PCR reaction btiffer (10 X PCR reaction 

buffer is 100 miM KCl, 100 mM (NH4J2SO4, 200 mAl Tris-HCl, pH 8.75, 20 
mM MgCl2 , 2.0 mM dNTP, 1.0 9c Triton X-100, 1 mg/raJ bovine serum 
albumin [BSA]), 50 praol of each primer and 2.5 units of Pfu DNA 
polymerase (Stratagene Cat. # 600153) in a total volume of 50 The 

25 reaction was first denatured for 5 mm at 95 '^C, foUow^ed by 3 cycles of [2 
min at 94 X, 1.5 min at 54 ^C, and 2 nun at 72 °C] then 27 cycles of [1.5 
min at 94 ^C, 1 min at 68 °C, 1.5 min 72 °C] and finally 10 min at 72 ^C. 
Two ui of the above reaction mixture was used as a template for a second 
round {)f PCR as follows; 5 min at 95 ""C, then 25 cycles of [1.5 mm at 94 

30 C. 1 mm at 68 X\ 1.5 mm at 72 'C] followed by 10 min at 72 "C. 

VECiFl-tr) cloning and confirmation - Products from the 
second round of PCR were \nsualized by gel electrophoresis on a l'"c 
agarose ^el. DNA bands corresponding to the expected size of the 
human VEGF isoforms 121 and 165 were amplified using either HeLa 

35 cell or placental RNA. In addition, a band corresponding to the expected 
size ofVEGFl45 was detected onlv in the placental RNA reaction. The 
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appropriate size band was excised, punfied and subcloned into pCR- 
blunt plasmid using the Zero blunt PCR cloning kit (Invitrogen Cat. # 
K2700-20). The plasmid was transfected into competent E.cnli cells 
supplied with the kit and cDNAs generated from colonies selected for 
kanamycin resistance were digested with Eco RI then analyzed by gel 
electrophoresis. Clones with the insert size expected for a human 
V^EGFl45 gene fragment were confirmed by DNA sequence analysis on 
an ABI 377 automatic sequencer. A VEGFl45 DNA molecule which 
encodes himian V"EGF145 is shown in Figure 1 and is set forth as SEQ 
ID N0:1. The deduced amino acid sequence human VEGF145 is shown 
m Figiire 2 and set forth as SEQ ID NO:2- 

EXAAIPLK 2 
EXPRESSION AND PURIFICATION OF 
RECOMBINANT HUMAN VEGF145 

Baculovirus expression of hVEGFl45 - The hVEGFl45 gene 
fragment was isolated as a Bam HDTIind III fragment and subsequently 
subcloned into the baculovirus expression vector pBlueBac4 (Invitrogen 
Cat, # V1995-20). The plasmid hVEGFl45/pBB4 was transfected mto Sf21 
cells using Bac-N-Blue transfection kit (Invitrogen Cat. # K855-01). 
Recombinant virus was isolated by plaque purification and the virus 
stock was expanded by 3 rounds of infection at a mtdtiplicity of infection 
fMOIj of 0.1 pfu/cell. Protein was produced by infecting Sf21 cells at an 
MOI of 5 pfu/cell at a cell density of 1.5 x 10*'' cells/ml in HyQ serum-free 
medium (Hycione Cat # SH30065.02). The infection was incubated at 27 
^C for 72 hr with constant stirring and the mediima was harvested by 
centrifugation (1000 x g for 10 min). 

Purification of recombinant VEGFU5 - The concentration of 
hVEGFi45 was determined by a h\T^GF ELISA (R & D Systems, Cat # 
DVEOO ) according to the manufacture's instruction using hVEGFlB5 
' Cat # 293-\'E-010) supplied wTth the kit as a concentration standard. 
TvTDical hVE(rFl45 expression levels were 200-400 ugA of infected cells. 
Conditioned medium containing recombinant hVEGFl45 was directly 
loaded onto a 1 ml hcparin-Sepharose column (Pharmacia Cat. #17-0406- 
01 ) equilibrated with phosphate buffer saline (PBS). pH 7.2. The column 
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was washed with PBS buffer containing 0.4 M NaCl, followed by a step 
elation with the same buffer containing 0.8 M NaCl. Fractions were 
analyzed for \nEGF by SDS/PAGE followed by Western blotting using a 
polyclonal antibody (MSD88) raised against recombinant human 

5 V^EGF165. Peak fractions containing hVEGFl45 were pooled, diluted 16- 
fold with H,^0, and then loaded onto a Mono S HR5/5 column 'Pharmacia 
Cat. # 17-0547-01). The column was eluted with a linear gradient (0- 
100%) from O.oX PBS, pH 7.2 to 0.8 M NaCl in PBS, pH 7.2 at a flow rate of 
0.5 ml/min. Peak fractions were pooled and loaded onto a 4.6 mm x 5 cm 

10 C4 column (Vydac Cat# 214TP5405) then eluted with a 0-100%^ linear 
gradient (1%/min) from 0.1% trifluoroacetic add to 70% acetonitrile 
containing 0.1% trifluoroacetic acid at a flow rate of 200 jj-^mm (Figure 
3). \rEGFl45 was identified by Western blot (Figure 4) and the purity was 
determined by separation on a 4-20% SDS/PAGE gel then visualized by 

15 silver stain (Figxire 5). Closely spaced bands most likely represent 
rrdcrohetergenous forms often times associated with baculovirus 
expression systems. 

EXAMPLE 3 

20 BIOLOGICAL ACTPV^TY OF HUMAN VEGFus 

Human Umbilical Vein Endothelial Cell Mitogenesis 
Assay- Expression of VEGF mitogenic receptors that mediate mitogenic 
responses to the growth factor is largely restricted to vascular 

25 endothelial cells. Human umbilical vein endothelial cells (HLW^Cs) in 
culture proliferate in response to VEGF treatment and can be used as an 
assay system to quantify the effects VTiGF isoforms. In the assay 
described in this Example Section, quiescent HU\^C monolayers are 
stimulated to proliferate with VEGF. The mitogenic response as a 

3() function of \TGF is determmed hy measuring the incorporation of 
[''^H]th\'midine into cellular DNA 

Methods - HL^VECs iVozun a.s primary culture ir^olates aru 
obtained from Clonetics Corp. Ceils are maintained in Endothelial 
Gruwah Medium (EGM; Clonetics j and are used for mitogenic assays at 
v'S passages 3-7. Monolayers maintained m EGM are harvested bv 

trypsimzatinn and plated at a density of' 4000 cells per 100 ul Assay 
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Medium per well in 96-well plates (NTJNCLON 96-weil polystyrene tissue 
culture plates [NUNC #167008]). Cells are ^owth-arrested for 24 hours 
at 37 '^C in a humidified atmosphere containing 5% CO,^. After the 24- 
hour quiescent period, 10 ul/well of Assay Medium (Dulbecco's 
5 modification of Eagle's medium containing 1 mg/ml glucose [low- 
glucose DMEM; Mediatech] plus 10% fv/v) fetal bovine serum [Clonetics]) 
containing lOX VEGF solutions are added over a concentration range 
spanning the mitogenic dose/response curve. Cells are then incubated 
at 37 °C/5% CO2. Solutions of purified human VEGF165 (500 ng/ml; 

10 Systems, expressed in Sf^l cells) and purified human VEGF 145 

were prepared in Assay Medium. Concentrations of VEGF isoforms 
were deterrmned by using an enzyme-linked immunosorbent assay 
(R&D systems). After 24 hours in the presence of growth factors, lOX 
[3H]Thymidine (10 ^ly'wellj is added. lOX [3H]Thymidine is [Methyl- 

15 3H]Thymidine (20 Ci/mmol; Dupont-NEN), diluted to 80 faCi/ml in low- 
glucose DMEM. Three days after addition of [3H]thymidine, medium 
was removed by aspiration, and cells are washed twdce with Cell Wash 
Medium (400 |il/well followed by 200 jj.ly'well). Cell Wash medium was 
Hank's balanced salt solution (Mediatech) containing 1 mg/ml bovine 

20 serum albumin (Boehringer-Mannheim). The washed, adherent cells 
are then solubilized by addition of Cell Lysis Solution (100 filywell) and 
warming to 37 °C for 30 minutes. Cell Lysis Solution is 1 N NaOH, 2% 
(w/v) Na2C03. Cell lysates are transferred to 7 ml glass scintillation 

v-ials containing 150 \i\ of water. Scintillation cocktail (5 mly'vial) is 
25 added, and cell-associated radioactivity is determined by liquid 

scintillation spectroscopy. 

Results - Purified baculovirus-expressed human VEGF145 

was fully efficacious as an endothelial cell mitogen when compared to 

baculovirus-expressed human VEGF 165 (Figure 6) with equivalent half- 
30 maximal activities of 17-19 ng/ml for VE(^jF165 and VEGF 145. 

EXAMPLE 4 

CONSTRUCTION OF THE FIRST GENEFLATION 
ADENOVIRUS VECTOR .\DVEGF145 

35 



Several systems have been devehiped for thp construction of 
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first generation adenovirus vectors and have been recently re\'iewed by 
Graham and Prevec ( 1995, MoL Biotech. 3: 207-220 ) and Hitt et al. (1995. 
Techniques for human adenovirus vector construction and 
characterization. In Methods in Molecular Genetics, Volume 7. 
5 Molecular Virology Techniques Part B, ed. Kenneth W. Adolph, 

Academic Press, Inc. Orlando, Florida). All of these systems involve 
cloning the transgene of interest (coding region flanked by appropriate 
regulatory sequences) into a shuttle plasmid in which it is flanked by Ad 
sequences homologous to the region of the viral genome into which the 

10 transgene will be introduced. The transgene is then rescued into virus 
by either direct ligation in vitro followed by transfection into 293 cells, 
homologous recombination in bacteria followed by transfection into 293 
cells (Chartier et al., 1996, Journal of Virology 70: 4805-4810), or by 
in vivo homologous recombination following transfection into 293 cells. 

15 El shuttle plasmids have been developed for the rescue of 

inserts into the El region. These plasmids contain the left 16% of the Ad 
genome with a deletion of El sequences and cloning sites into which the 
transgene is introduced. If convenient restriction sites are available in 
the vector backbone, direct ligation of the shuttle plasmid to purified 

20 viral DNA can be performed in vitro followed by transfection into 293 
cells to generate infectious virus. This method although efficient can 
require extensive screening if the viral DNA is not completely restricted 
and in many cases is not practical due to the lack of unique correctly 
positioned restriction sites. For these reasons many protocols reiy on in 

25 vivo homologous recombinatmn to generate infectious virus. 

To construct a Wrus by homologous recombination in 293 
cells the El shuttle plasmid can be transfectod into 293 cells with 
purified viral DNA that has been restricted in the left end or with viral 
DNA contained in a second plasmid (an Ad genome plasmid). As v.ith 

3() direct hgation the use of purified viral DNA sometimes requires 
extensive screemng to obtain the desired vector because of the 
regeneration of parental varus and for this reason plasmid systems are 
more desirable. A number of Ad genome plasmid systems have been 
developed for rescuing inserts into El fMcGrorv et al., 1988. Virology 163; 

35 614-6170) or E3 ' Ghosh-Choudhury, et al.. 1986, Gene 50: 16M71: Mittal. 
et al.. U)93, Virus Res. 2S: 67-90) or both fBett et al., 1994. Proc. Natl.. 

- 26 - 
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Acad. ScL USA 91: 8802-8806) re^ons. 

To construct a virus by homologous recombination in E. coli 
a segment of the El shuttle plasmid containinfj the transgene flanked by 
adenoviral sequences is gel purified and used to transform E.coli along 
5 with an Ad genome plasmid which has been linearized in the region in 
which the transgene is to be rescued. Homologous recombination 
between the two DNA's results in a repaired plasmid which can then be 
selected, grown up and purified from the bacteria and used to transfect 
293 cells to generate virus. 

10 To construct the first generation vector expressing 

VEGF145 the system involving homologous recombination in E.coli was 
used fChartier et al., 1996, Journal of Virology ^ 70: 4805-4810). The steps 
involved in the construction are outlined below. The coding sequences 
for VEGF145 were obtained from the pCR-blunt clone described above by 

15 digestion with BamHI and EcoRI and cloned into the El shuttle plasmid 
pHCIVIVIlBGHpA-2, generating pHCMVIl\1EGF145. To remove an 
undesirable Pad restriction site pHCMVIlVEGF145 was digested with 
Pad, treated with T4 DNA polymerase and religated, generating 
pHCMVIlVEGF145P-. pHCMVIlVEGF145P- was then digested with 

20 Sspl and BstllOTI and the fragment containing the transgene flanked by 
Ad sequences was gel purified. The purified fragment was then used to 
transform E.coli strain BJ5183 along with Ad genome plasmid pHVAdl 
that was linearized in the El region by Clal digestion. PHTV^Adl contains 
the entire Ad genome with a deletion of E3 sequences from Ad bp 28133 to 

25 bp308180 and has the viral ITR's separated by plasmid sequences which 
contain the Ampicillin resistance gene and bacterial origin of 
replication. Homologous recombination between the purified shuttle 
plasmid fragment and linearized pHVADl generated a repaired 
plasmid designated pHVAdVEGF 145P-. Bacterial transformants 

3n carrying pHV^AdVEGF 145P- were isolated and the plasmid DNA 
extracted and used to transform E. roll strain HBlOl m which the 
plasmid grows more efTiciently. pHV'AdVEGF I45P- plasmid DNA 
extracted and purified from HBlOl cultures was digested with Pad To 
liberate the \iral ITR's from plasmid DNA sequences and used to 

3 5 transfect 203 cells. The virus AdV'EGF145 was obtained from this 
transfection. 
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EXAMPLE 5 

CONSTRUCTION OF THE HELPER DEPENDENT ADENOVIRUS 
VICTORS ADHDVEGF145-1 .\ND ADHDV^GF145-2 

5 Helper-dependent Ad vectors are deleted of all viral codinj^ 

sequences and contain only the cis acting viral sequences needed for 
DNA replication (the ITR's 1-103 bp located at each end of the genome) 
and genome encapsidation (packaging signals 194-358 bp). The helper- 
dependent vector carries the transgene and "stuffer'' DNA (noncoding 

10 DNA) required to generate a vector that is efficiently packaged. For 
efficient packaging the vector genome should not be less than 75% 
(approximately 28 Kb) and the upper limit not more than 105% 
(approximately 38 Kb) of the wt Ad genome size of 36 Kb. All other viral 
proteins are provided in trans from a helper virus. 

15 The helper virus AdLCScLUC is an El-deleted first 

generation vector which contains lox P sites flanking its packaging 
signals. When 293 cells expressing the cre-recombinase are coinfected 
with the helper virus and dependent vector, the packaging signals are 
excised from the helper virus preventing it from being encapsidated, 

20 while allowing its genome to provide functions in trans to the dependent 
vector. Five to six serial passages are needed to increase the titer of the 
helper-dependent vector prior to a large-scale amplification from which 
vector is purified on cesium chloride gradients. 

The steps involved in the construction of the helper- 

25 dependent Ad vectors expressing V"EGF145 are outlined below. The 
methods for the construction of helper-dependent Ad vectors are 
described in Parks et al (1996, Proc. Natl. Acad. Set. 93: 13565-13570). 
The coding sequences for \'T]GF145 were obtained from the pCR-blunt 
clone described above by digestion with BamHI and EcoRI and cloning 

30 into the plasmid expression vector pVlrJns (described above and in PCT 
International Application W097/31 1 15 ), generating pVlJnsV'EGF 145. 
The transgene cassette was then removed from pVlJnsVEGF145 by 
digestion \v^th Sfil and Mscl. treated \^Tth T4 DNA poKTnerase to 
generate blunt ends and cloned into the Hindi! site m helper dependent 

J.^ shuttle plasmid pABSHD-3, generating pSHDVEGF145- 1 and 

pSHDVEGF 145-2. Helper-dependent shuttle plasmid p.-^VBSHD-3 
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contains a multiple cloning region adjacent to a kanamycin resistance 
gene that allows for the selection of the desired recombinant plasmid 
after cloning into the ampicillin resistance gene containing helper- 
dependent backbone plasmid pSTK120. The transgene/Kan cassette was 

5 removed from pSHDVEGF145-2 by Fsel digestion and cloned into 

pSTK120 generating pSTKVEGF145Kan-l and pSTKVEGF145Kan-2. 
Finally, the kanamycin resistance gene was removed from both 
pSTKVEGF145Kan-l and pSTKVEGF145Kan-2 by digestion with AscI 
followed by ligation, generating pSTKVEGF145-l and pSTKVEGF 145-2 

U) respectively. pSTKV^EGF 145-1 and pSTKVEGF145-2 were then digested 
with Pmel to release the viral ITR's from plasmid sequences and 
transfected into 293 cells, w^hich were infected with helper virus 
AdLCScLUC 24 hours later. When the cells were completely lysed the 
medium was collected and used to infect 293cre4 ceils. Five serial 

15 passages in 293cre4 cells were required to increase the titer of the helper 
dependent vectors prior to large-scale vector ptirifi cation. 
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WHAT IS CLAIMED: 

1. A method of stimulating angiogenesis in a 
manamalian host which comprises delivering a DNA vector to said 

5 mammalian host, said DNA vector expressing VEGF145 or a biologically 
active fragment thereof. 

2. The method of claim 1 wherein said mammalian host 

is a human. 

10 

3. The method of claim 2 wherein said DNA vector is a 
recombinant adeno\nrus. 

4. The method of claim 2 wherein said DNA vector is a 
15 recombinant DNA plasmid vector. 



5. The method of claim 3 wherein said recombinant 
adenovirus is delivered by infection into cells within or adjacent to a 
tissue ischemia. 

20 

6. A method of stimulating angiogenesis in a 
mammalian host which comprises delivering a DNA vector to said 
mammalian host, said DNA vector expressing human VEGFM5 as set 
forth in SEQ ID N0:1, or a biologically active fragment thereof 

25 

7. The method of claim 6 wherein said mammalian host 

is a human. 

8. The method of claim 7 wherein said DNA vector is a 
recombinant adenoviru.^. 

':). The method of claim 7 whertMn said DNA vector is a 
recombinant DNA phismid vector 

35 10, The method of claim -S wherein said recombinant 

DNA piasmid vector is delivered bv injection into cells within or adjacent 
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to a tissue ischemia. 

11. The method of claim 8 wherein said recombinant 
adeno\'irus is delivered by infection into cells within or adjacent to an 

5 ischemic peripheral or cardiac tissue. 

12. The method of claim 11 wherein said recombinant 
adenovirus is AdVEGF145. 

10 13. The method of claim 11 wherein said recombinant 

adenovirus is AdHDVEGF 145-1. 

14. The method of claim 1 1 w^herein said recombinant 
adenovirus is AdHDVEGF 145-2. 

15 

15. The method of claim 9 wherein said recombinant 
DNA plasmid vector is delivered by injection into cells within or adjacent 
to a tissue ischemia. 

20 16. The method of claim 9 wherein said recombinant 

adenovirus is delivered by infection into cells within or adjacent to an 
ischemic peripheral or cardiac tissue. 

17. The method of claim 16 wherein said recombinant 
25 DNA plasmid vector is pVlJn3VEGF145. 

18. A recombinant virus comprising a DNA fragment 
encoding humanVEGFl45 containing at least one regulatory- sequence 
which controls expression of said DNA fragment within a mammalian 

30 host. 

19. A recombinant \irus of claim IH which is a 
re comb ma at adeno\irus 



20. A recombinant adenovirus of claim 19 wherein said 
DNA fragmeiii oncod(?s a human \"EGFm5 as set forth m SEQ ID N0;2. 

- 31 - 



w o ^9 21590 



PCT L S98/:2(>6S 



21. A recombinant adenovirus of claim 20 selected from 
the j^roup consisting of AdVEGF- 145, AdVECTpUfvl and AdVEGF 145-2. 
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MN-LLSWVHW 5L.^L_L'LHh AKWSGA AP'-iA EGGGQNHHEV 
VKFMDVVQRS YGHPIETLVD IFQEYPCEiE YIFKPSGVPL 
MRCGGGCNDE GLECVPTEES NITMQIMRIK PHQGGHiGEM 
SFLQHNK.CEC PPK^rDRARQE KKSVRGKGKG QKRKRKKSRY 
K.SWSVCDKPR R - .EQ ID NO: 2) 

FIG. 2 



SUBSTITUTE SHEET (T1ULE 26) 
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SUBSTITUTE SHEET (RULE 26) 
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-160> 5 

■.173.' Fa 3 1 S E C' ■■-^ r W i ri dc wi-; '/ e r 3 i o n 3.0 



^ ^ ^ ^ 2 ^ b 
-212> TNA 
c 2 1 3 > Human 



<400> 1 

atgaacrttc tgctctcttg ggtgcattgg agccttgcct. tgctgcticta cctccaccat 60 

gccaagtggi c-caggctgc acccatggca gaaggaggag ggcragaarca r^cacgaagCg 120 

gtigaagtitca rggatgtcta ':LC3iCc:g'za.qc: t:actgccatr caatcgagac c:rrggt:gga3 ISO 

arctitccagg ag^accctga tgagarcgag nacat: ct t: ca agccatrctg cg*:g-cccr:g 240 

at:gcga*:gcg ggggcrigctg caatgacgag ggccr: ggagt grgrgcccac t. gaggagncc 300 

aacatcacca rgcaqattat gcggatcaaa ccticaccaag gccagcacat aggagaga-g 360 

agctccctac agcacaacaa acgtgaacyc agaccaaaga aj.ga*iagagc aacacaaaaa 420 

aaaaaaccag titzgaggaaa gggaaagggg caaaaacgaa agcgcaagaa atcccggtac 430 

aagnccrigga gcgtgrgcga caagccaagg cggcga 516 

-210> 2 

<.211> 1-1 

--2 12.- FRT 

2 1 3 > Human 

v400> 2 

Met AGn Phe Le'j Leu 3er Trp V^i 1 His Trp J^^r Leu A^a Leu Lti-u Leu 

15 10 15 

T^/ r Leu His His Ala Ly z Trp 3 e r 1 n Ala Ala r o .^-!g t Ala G 1 u LI y 

2 0 2 5 3 0 

Gly Gly Gin Asn His Hi3 Glu Vi^ O'al Lys ?he Me!: Asp Va 1 Tyr Gin 
3 5 4 0 4 5 



wo M9/2I590 



PCr''LS98/2266H 



3 ^ n G 1 >' G i r. H jl s I _ ^ J . ■.- J 1 u Met 3 -i- r ? h e Leu Gin H.J A^n Ly 3 C '/ 

IIB " 123 12E 

G^u ::^-3 Arg ?ro Ly 3 Lys A-3p ArT A.a Ar^ G^n Glu Ly3 Ly3 Jri-r V.i.^ 
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A r g Giy Ly^ G 1 y L y 3 G 1 -.^ G In L y s A r g L y 3 A r g L y 3 Lys S e r A x- 7 T-y r 

14-. :5C 15" loO 

Lys 3er Trp oer Va 1 Cys Asp LyG Pro Ary Arg 

lb5 ' ^ ' 170 



213 ' 3 

211> 33 

212> TNA 

213> Arnificial 



c.22C> 
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4 0 C 3 
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1 1 3 1: g c t c t 3 



2 1G 
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4 

27 
DMA 



213.- Artificial Sequence 



<220> 

-:223> oligonucleotide 
-430:- 4 

tggaagcttt caccgccttg gcttgtc 



210 > 5 

2 1 1 > 4364 

2 12:> DNA 

213 > Artificial Sequence 



:22 0> 

- 2 2 3 E . coll 



4 0 0 V 
tc^cgc^ttt 
cagcttgtct 
ttggcgggtg 
accatatgcg 
ct at t ggcca 
tccaacat ta 
gggg-catta 
':33g-ctggc 
-a - ^*gt .la 3 g 

- 7333a3tt g 

7,^::37^a.ia 

■a - -;.;ar ^^.r:: 
- 7- : latggg 
•~ 3;- ::r- 3'-3a 



cggtgatgac 
gtaagcggat 
tcggggctgg 
gtgtgaaata 
t tgcatacgt 
ccgcca t gt t 
gttcatagcc 
t g a c 3 g c c ^ 
3 3aa3agg';:a 
3 3 a g t a 3 1 3 
3 ?:-3C3 3-: 3 3T 
3tac7ta- 

a3--- 3- 

t a c g c _i a 
Ttgaaccat 3 



ggtgj 
gccgggagca 
ctcaactatg 
ccgcacaga t 
tgtatccata 
gacattgat t 
catatatgga 
acgacccccg 

-33t33a':3g 
.-iagtg3at3a 

:3-a*:ta333 
-.>3t3at3g3 

;'3t33ga3':3 

:: z^iz z fiaa 3. 

"^T^Gcggt.ia 
agat3gc3tg 



t3tgacacat 
gacaagcccg 
cggcat caga 
gcgtaaggag 
t cataatatg 
att gactagt 
gtt ccgcgtt 
3 z 3 a *:. 3 3' a 3 g 
a3 3-caatg3 
t .1.3 33 ;aa::3 
3a;3^ :\ 3a " : 
*" .It t a 3 33, 3 3 
\3'::agga"-t- 
3 V :ia 33a'': 1 : 
gcT t -3*: AC ':c 
g a g a c g c c a t 



gcagct 333g 
tcaggccgcg 
gcagattgta 
aaaa t ac cgc 
tacatttata 
tat taatag t 
acataactta 
t 3aat.3 nt g 3 
g'ggagta-r 
acgcccccta 
^ c 3 1 1 a t g 7 g 
7t3atg3ggt 
J 3aag'" : 3 3 ■.■ 
3*:t 33ajia3'' 
rgggagg- 3r 
ccacgctatt 



gagacggtca 
tcagcgggtg 
ctgagagtgc 
atcaqattgg 
ttggctcacg 
aatcaat tac 
egg t aaa t gg 
3g-a-g---3 
-a3ggtaaac 
3 3 ga 3 3 3 3aa 
. - 1 1 3- 3 1 a 3 
3tt3g3ag3.^ 
1 :333a" tga 
: ^_ 3 3 3 -I 1 3 a A 
a*: at aagcag 
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r ' 4 C' 


cg^-igcggng 


ctg- taacgg 


" gg^Qg ?cag 


^ g- ag 1 c t ga 
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